Abstract. Uterine luminal surface of the hamster was examined by scanning electron microscopy (SEM) to determine whether aging alters surface ultrastructure of the endometrium where implantation takes place. On Days 2 to 3, the epithelial cells of young hamsters were round and uniformly covered with microvilli. The cells of aged hamsters were polygonal in shape with microvilli of equal density. However, in about 15% of the aged uterine epithelium examined the cells had a reduced number of microvilli. The cellular protrusions appeared on the apical membrane in young uteri on Day 4, but fewer protrusions were observed in aged uteri on Day 5 and some of them were lost before implantation. Implantation was delayed in the aged females. These findings suggest that altered surface ultrastructure of the aged uterus may reflect age-related implantation failure.
I
t is well known that the litter size declines progressively as the maternal age increases [1] [2] [3] . In aged hamsters, factors affecting the reproductive decline can include abnormalities in fertilization and early development, and deterioration in the uterine adaptability to pregnancy [4] [5] [6] [7] [8] [9] . Our recent study showed that in aged hamsters embryonic wastage occurred crucially during peri-implantation period rather than later gestation, and that resorbing conceptuses were accompanied with alteration of endometrium, such as incomplete decidualization [10] . Understanding the ultrastructural changes in the aged uterus may help explain the uterine contribution to the reduced fertility in the aged females. Numerous studies on the ultrastructural changes of the uterus have been conducted in the aged mice and rats [11] [12] [13] [14] [15] , but little information on those in the aged hamsters is available [5] . In this study, therefore, the uterine luminal surface was examined by SEM to clarify ultrastructural characteristics related to the embryonic wastage in the aged hamsters before and during implantation.
Materials and Methods
Golden hamsters (Mesocricetus auratus) were kept under constant temperature (21-23 C) and a cycle of 14 h light (0500 h-1900 h) and 10 h darkness. They were given laboratory chow and water ad libitum. The vaginal discharge of each female was checked prior to mating to assure that the females had normal estrous cyclic pattern [16] . A total of 20 virgin females were mated at 9-12 weeks of age and randomly assigned to young (9-12 weeks of age, n=10) and aged groups (43-53 weeks of age, n=10). The females in the aged group were repeatedly mated at intervals of 10-12 weeks until examination at 43-53 weeks of age according to our previous studies [7, 8] . In the evening of estrus, the females were caged with young fertile males and the day when spermatozoa were found in the vaginal smear was designated as Day 1 of pregnancy (Day 1).
Females were sacrificed by an intraperitoneal overdose of pentobarbital sodium and the uteri were dissected out on Days 2 to 6 in the young and aged groups (2 animals each). Uterine horns were carefully cut open along the mesometrial border and excised transversely into small segments. On Days 5 and 6, a special attention was paid to separating uterine lumen to expose the implantation chamber under a dissecting microscope. The samples were then processed for SEM according to the method described previously [17] . Observations were performed with a JOEL JSM-5300 scanning electron microscope at accelerating voltage of 20 kV.
Results
On Days 2 and 3, the endometrial epithelial cells in young hamsters were round or oval and convex, and they were uniformly covered with well-developed microvilli (Fig. 1a) . Plenty of secretory granules varying in size were also observed on the surface. By contrast, the epithelial cells of aged hamsters were polygonal in outline of which borders were distinct. Most epithelial cells were covered with microvilli as observed in the young uterus. However, about 15% of the epithelial surface area examined had fewer microvilli than in the young uterus; some of the cells displayed flat or slightly concave apical surface without microvilli (Fig. 1b) .
On Day 4, young uteri were covered with shorter and more disheveled microvilli than in the early stages and showed increased secretions. Apical cellular protrusions, being 1-3 µm tall and 0.5-5 µm wide, were seen scattered on the antimesometrial epithelium of young uteri (Fig. 1c) , and were occasionally noted in the aged uteri on Day 5. Many depressions, probably indicating the sites of detached protrusions, were present on the uterine surface in the aged hamsters, too (Fig. 1d) .
Most of embryos (12/14) noted by SEM in the young hamsters on Day 5 had invaded the antimesometrial epithelium (Fig. 2a) . At implantation sites, the cellular protrusions decreased and plenty of mucus-like substances covered the disruptive epithelial cells, although the mesometrial epithelium appeared still healthy. In the aged hamster, however, all embryos detected on Day 5 (n=6) were attached to the surface of the uterine epithelium (Fig. 2b) . When the uteri were excised on Days 5 and 6, implantation swellings were smaller in size and number in the aged hamsters than in the young females. On Day 6, all embryos (n=21) had invaded deeply the uterine wall of the young females (Fig. 2c) . The mesometrial chamber was filled with erythrocytes and mucus; the epithelial layer had disappeared throughout the luminal surface. In the aged hamsters, on the other hand, less-developed embryos (29%, 5/17) were still invading the uterine disruptive epithelium (Fig. 2d) .
Discussion
The present observations revealed that the surface ultrastructure of the luminal epithelium changed before and during implantation in both young and aged hamsters: first the density and shape of microvilli changed and apical secretory granules appeared, and then the apical cellular protrusions were formed. These features resembled those observed in the mice and rats during early pregnancy [11] [12] [13] [14] [15] 18] . It has been speculated that the changes in the microvilli and secretory activity may influence the transport of substances across the uterine epithelial membrane for contributing to the embryonic development [18] . Increased apical granules revealed by SEM suggest that the secretory activity of the luminal epithelium increased during preimplantation period. Further, when the blastocyst implants, the signals to start implanting may be transmitted either by the microvilli or by the cellular protrusions [18, 19] . These membrane alterations are considered to be a morphological sign of the uterus that is receptive for the onset of implantation and apparently essential for the establishment of pregnancy in the hamsters as well.
In the present study, epithelial cells with a reduced number of microvilli were seen in the uterus of the aged hamster, but not in the young females. The surface morphology that may represent the beginning of the cellular degenerative changes, such as wrinkled cell surface, was frequently observed in the aged uterus. In our previous study, these degenerating cells had not been detected with light microscopy [10] . Such morphological chang-es are supposed to affect the function of the uterine epithelium and make an unfavorable uterine environment for the embryonic development. Changed uterine environment might relate to the delay of attachment and implantation of the embryos in the aged hamsters observed in this study and others [5, 6] .
Appearance of short microvilli and apical cellular protrusions, noted in both young and aged hamsters, has been also observed in mice and rats [11] [12] [13] [14] [15] 18] and believed to result from the direct influence of progesterone [11] . In the present study, apical cellular protrusions were sparse in the aged uterus and some of them were frequently detached. It is, therefore, more likely that fewer protrusions on the cells of the aged hamsters may result from the altered response of the uterine epithelium to progesterone or the altered hormonal status. It seems that these altered ultrastructural characteristics may be one of the causes of implantation failure in the aged hamsters. Note the disruptive epithelium (DE) around the embryo.
